BAckgrOUnD/OBJEctIVES: Prematurely born children show significant delay in many areas of physical development, including the orofacial structures. the aim of the present study was to evaluate the influence of premature birth on the prevalence of functional and morphological characteristics of malocclusion in the deciduous dentition phase, considering also confounding variables, such as type of feeding and oral habits.
Introduction
Growth and development of the orofacial structures are affected by both genetic and environmental factors. Although many studies have investigated the genetic and environmental influences on the development of malocclusion, only a few report the effects of peri-natal factors (Paulsson et al., 2004) . Prematurely born infants are predisposed to various peri-natal and neonatal complications and developmental problems (Harila-Kaera et al., 2002) . By definition, a premature birth occurs prior to 37 weeks of gestation and is frequently associated with low birth weight (i.e. below 2500 g). Many studies have indicated that in early childhood prematurely born children show significant delay in many areas of physical and psychological growth and development, including the orofacial structures (Seow, 1997) . Although 'catch-up' growth has been reported in later childhood, there are still contrasting opinions on the early and long-term effects of birth prematurity on the growth and development of the orofacial structures. It has been reported that prematurely born children may be relatively more predisposed to etiological factors (i.e. inadequate nose breathing and oral habits) for the development of open bite (Harila et al., 2007) . Evidence also shows that premature birth may influence dental and occlusal development, as prematurely born children have delayed dental development and eruption (Seow, 1996) . On the contrary, other studies show that premature birth has no significant influence on dental maturation (Golden et al., 1981; Backström et al., 2000) . It has been reported that alteration of palatal morphology as palatal grooving, high-arched palate and palatal asymmetry with posterior crossbite was seen more frequently in prematurely born children, mainly due to peri-natal oral intubation. On the other hand, Seow et al. (1985) found no asymmetry of the palate when comparing the intubated and non-intubated groups, concluding that growth and remodeling of the palate probably repairs any deformity by 2-5 years of age. Further, a higher prevalence and severity of malocclusions in prematurely born children has been reported (Paulsson et al., 2008) . However, most of the reviewed studies examined mainly the morphological characteristics of malocclusion, not considering the influence of functional impairment or oral habits on the development of malocclusion. As the mode of feeding and oral habits may play a role in the development of orofacial functions (Melsen et al., 1979; , thus influencing also the development of morphological malocclusion characteristics, it is very important to consider also these variables.
Therefore the aim of the present study was to evaluate the influence of premature birth on the prevalence of functional and morphological characteristics of malocclusion in the deciduous dentition phase, considering also confounding variables, such as type of feeding and oral habits.
Subjects and methods

Subjects and study design
Ethical approval for this study was gained from the Slovenian Ethical Committee, and a signed informed consent from the parents of all the subjects was obtained prior to the beginning of the study.
According to the Institute of Public health of the Republic of Slovenia, a total of 25 480 live births were recorded in 1987, and the prevalence of premature birth was approximately 6.5 per cent. Subjects were divided according to their gestational age and neonatal weight into two groups: 1) prematurely born group (PBG), if their gestational age was less than 37 weeks and their birth weight was less than 2500 g 2) control group (CG), if their gestational age was 37 or more weeks and their birth weight was 2500 g or more. Among the two groups a total of 201 (81 PBG and 120 CG) Caucasian subjects, who had to be born in 1987, were randomly selected. A final sample of 193 subjects (92 females and 101 males, mean age 2.08 ± 0.2 years), were included as 8 subjects (1 PBG and 7 CG) were excluded due to poor collaboration. The PBG consisted of 80 subjects (42 females, 38 males, aged 24.46 ± 1.77 months) with the mean gestational age at birth of 33.9 ± 2.7 weeks and mean birth weight of 2248 ± 679 g, while the CG included 113 subjects (50 females, 63 males, aged 25.42 ± 2.64 months), with the mean gestational age at birth of 39.4 ± 1.6 weeks and the mean birth weight of 3446 ± 466 g.
Before the clinical examinations, the parents (generally the subject's mother) answered a questionnaire regarding the subject's general health, type of feeding (breastfeeding, bottle feeding, spoon feeding), the number of respective meals per day, the type of food (fluid, semifluid, solid). Further, any kind of sucking habit was also recorded.
The clinical examinations were performed by one experienced orthodontist (F.F.). At the clinical examination the functional and morphological characteristics of the orofacial structures were recorded.
The breathing pattern was assessed by an experienced examiner (F.F.) and was classified either mainly nose and/ or mouth breathing. The mode of breathing was determined while the subject was in a relaxed position, and it was noted whether he or she had competent lip closure. If this was not the case, the subject's mode of breathing was determined with a special airflow registration device (Farčnik and Rudel, 1995; Ovsenik and Primožič, 2007; Primožič et al., 2012b ) that registers the difference in temperature of the airflow through the mouth or through the nose in an incompetent lip seal, thus distinguishing mouth breathing from incompetent lip seal. The breathing pattern was recorded as mainly nose breathing, mouth breathing or mixed (nose and mouth) breathing.
The swallowing pattern was assessed while the subjects swallowing small amounts of water and swallowing with tongue thrust was recorded if marked involvement of the perioral musculature was observed in an attempt to establish contact between the tongue and the lower lip (Melsen et al., 1979) . Further, a low tongue posture was recorded when the tongue was seen on the mouth floor and the tip of the tongue was in contact with the lower lip. The breathing and swallowing pattern and tongue posture were recorded after three repeated observations.
Dental status was assessed, and subjects were classified as having a complete deciduous dentition if all deciduous teeth were erupted. Subjects were classified according to the canine relationship in the sagittal plane and incisor inclination into four categories: 1) class I-when the upper deciduous canine occluded between the lower deciduous canine and first deciduous molar; 2) class II/1-when the lower deciduous canine occluded with the upper deciduous canine in a cusp-to-cusp relationship or more distally than in class I relationship, with proclination of the deciduous incisors; 3) class II/2-when the lower deciduous canine occluded with the upper deciduous canine in a cusp-tocusp relationship or more distally than in class I relationship, with retroinclination of the deciduous incisors; 4) class III-when the lower deciduous canine occluded with the upper deciduous canine more mesially than in class I relationship; 5) not defined-when the canines were not erupted.
Overjet and overbite were measured in habitual occlusion intraorally with a metric ruler (Zürcher modell, Dentaurum 042-751-00 Ispringen, Deutchland), accurate to 1/10mm. According to the measurements the subjects were considered as having a normal (0-4 mm), excessive (≥4 mm) or reverse overjet (≤0 mm), and a normal (0-4 mm) or excessive (≥4 mm) overbite or an open bite (≤0 mm).
In the transverse plane, presence/absence of midline deviation and posterior crossbite were recorded. Midline deviation was recorded when the upper and lower midlines did not coincide, while posterior crossbite was recorded if one or more posterior deciduous teeth were in crossbite.
Statistical methods
A series of univariate and multivariate non parametric analyses were performed as follows. The balance of experimental groups (PBG and CG) according to age and gender was evaluated with the Mann-Whintey test and a Fisher exact test, respectively. The significance of the differences in the percentages of children showing either (any) of the observed parameters in the PBG and CG and within and between group comparisons among genders were assessed using chi-square tests.
Finally, for the whole sample, multiple logistic regressions (models) analysis were run to identify the explanatory variables (group [PBG, CG], age, gender, feeding type, sucking habits, breathing pattern, lip posture, swallowing pattern and tongue posture) that affected each of the morphological parameters. All explanatory variables were entered as dummy variables with the exception of age that was run as continuous variable.
A P-value greater than 0.05 was considered as being statistically significant. The SPSS program (SPSS ® Inc., Chicago, Illinois, USA) was used to perform data analysis.
Results
All the subjects were in good general health condition and were balanced for gender (P > 0.1,), while subjects of the PBG were significantly younger compared with CG subjects (P = 0.005).
At the time of the examination, 3.8 per cent of subjects in the PBG (0.04 meals per day), 6.2 per cent of subjects in the CG (0.23 meals per day) were still breastfed, 73.8 (1.53 meals per day) and 65.5 per cent (1.40 meals per day) used the bottle-fed, and 96.3 (3.29 meals per day) and 99.1 per cent (4.01 meals per day) were fed with a spoon, respectively for the PBG and CG. Almost all the subjects already ate solid food (98.8 and 97.3 per cent for the PBG and CG, respectively). No significant differences regarding feeding type or food type was found between groups (P > 0.05). Dummy sucking was observed among 41.3 per cent of subjects in the PBG and 34.5 per cent of subjects in the CG, while the frequency of thumb sucking was present in 15 per cent subjects in both groups, without any significant differences between the groups (P > 0.05). The prevalence of feeding and sucking habits among genders within the PBG and CG is reported in Table 1 . More than half of the subjects of both groups were breathing through the nose. The subjects with lip incompetence were mainly breathing through the nose and mouth (mixed breathing pattern) and only a few (6.3 per cent in PGB and 8.8 per cent in CG) breath through the mouth only.
Tongue trust swallowing was observed in approximately 25 per cent of the subjects of both groups, while low tongue posture was present in less than 10 per cent of the subjects, without any significant differences between groups (P > 0.05). The prevalence of functional characteristics of malocclusion among genders within the PBG and CG is reported in Table 2 .
A full deciduous dentition was observed in 21 per cent of the subjects of PBG and 31 per cent of the CG. More than half of the subjects had a class I canine relationship with normal overjet (1.8 ± 0.7 mm for the PBG and 2.2 ± 0.8 mm for the CG) and overbite (1.7 ± 0.8 mm for the PBG and 2.2 ± 0.9 mm for the CG). Excessive overjet was observed among 22.5 per cent subjects in the PBG (5.6 ± 1.5 mm) and 31.9 per cent in the CG (5.1 ± 1.1 mm), while reverse overjet was observed in 10 per cent of the subjects in the PBG (−0.6 ± 1.4 mm) and 15.9 per cent controls (−0.1 ± 0.2 mm). Excessive overbite (4.2 ± 0.4 mm) was present in 7.5 per cent PBG subjects and 14.2 per cent CG subjects, while open bite was measured in 23.8 per cent PBG (−1.8 ± 1.7 mm) and 18.6 per cent CG (−1.4 ± 1.8 mm) subjects. No significant differences for the morphological parameters were observed between the PGB and CG when considering the whole group (P > 0.05). The prevalence of morphological characteristics of malocclusion among genders within the PBG and CG is reported in Table 3 . Differences among genders within and between the PBG and CG were observed and are summarized in Tables 1-3 . Further, at between group comparisons, females in the control group had more frequently an abnormal overjet (Table 3) .
The results of the logistic regression analysis show that premature birth is not a significant risk indicator for functional or morphological malocclusion characteristics.
Being a female significantly decreases the odds for class II/1 (OR = 0.43; P < 0.05) and reverse overjet occurrence (OR = 0.22; P < 0.05).
Dummy sucking significantly increases the risk for class II/1 occlusion (OR = 3.13; P < 0.01), excessive overjet (OR = 2.93; P < 0.01), and open bite (OR = 12.19; P < 0.001), while thumb sucking significantly increases the odds for class II/1 malocclusion (OR = 4.41; P < 0.05) and excessive overjet (OR = 3.87; P < 0.05).
Type of feeding, the breathing pattern, lip competence, swallowing pattern, and tongue posture are not significant predictive risk indicators for morphological malocclusion characteristics (P > 0.05).
Discussion
The present study shows no significant differences regarding the prevalence of functional and morphological characteristics of malocclusion in the deciduous dentition phase between prematurely and non-prematurely born subjects.
It has been previously reported that prematurely born children may be relatively more predisposed to etiological factors, such as inadequate nasal or mouth breathing pattern and oral habits (Harila et al., 2007) , which have been associated with morphological malocclusion characteristics . On the contrary, the present study reports no difference in the prevalence of functional malocclusion characteristics between prematurely and non-prematurely born subjects. However, at within-group comparisons the prevalence of thumb sucking was seen more frequently in females of the control group, which is in accordance with previous studies that reported a higher prevalence of sucking habits, particularly thumb sucking among female subjects (Santos et al., 2009) . Further, normal overjet was significantly less frequently measured in females of the control group compared with the prematurely born females. Evidence shows that thumb sucking is associated with class II/1 malocclusion and excessive overjet (Melsen et al., 1979; Warren and Bishara, 2002; , which was confirmed also by the present study. Indeed, dummy and thumb sucking significantly increased the risk of class II/1 malocclusion and excessive overjet occurrence. Further, dummy sucking, but not thumb sucking, was a significant risk indicator for anterior open bite, confirming the results of previous evidence (Cozza et al., 2005; Warren et al., 2005) . A nose breathing pattern was significantly less frequently seen in control group males with a significantly higher prevalence of lip incompetence. Breathing patterns or lip incompetences were not significant risk indicators for any morphological malocclusion characteristic in the deciduous dentition phase. This is in contrast with previous studies (McNamara, 1981; Melsen et al., 1987) that report association between mouth breathing pattern and open bite and crossbite occurrence. However, the contrasting results of the present study could be due to the young age of the subjects (approximately 2 years old) as it has been previously reported that only long-term functional impairment may play a role in the development of malocclusion (Primožič et al., 2012b; Primožič et al., 2012a) . As breathing pattern could be difficult to assess objectively in young children, an electronic device was used in the present study to more objectively assess the airflow through the nose and mouth. Assessment of dental development in the deciduous dentition is usually performed by determining the number of teeth erupted in the mouth. Evaluation of dental development in the deciduous dentition phase (Golden et al., 1981; Seow et al., 1988; Seow, 1997) suggested that teething age was delayed in prematurely born children, which is in contrast with the results of the present study as no significant differences were seen between the examined groups. It should be pointed out that in the present study the children were recorded as having/not having a complete deciduous dentition; therefore, variations in individual tooth eruption were not recorded, and the dental status of the children was assessed with respect to their chronological age, which may have influenced the results. Previous studies report that when the assessment of tooth eruption was performed in relation to their chronological ages, prematurely born children showed significantly fewer numbers of teeth erupted, while no differences were observed on the basis of corrected age. Although in the present study prematurely born children were significantly younger compared with the control group, no significant differences in dental development were observed between the two groups. This is probably due to the fact that almost all prematurely born children were older than 24 months, as studies report that by 18-23 months a catch-up' in dental development occurs (Seow et al., 1988) , and premature birth has no appreciable late consequences in tooth maturation or deciduous/ permanent dentition (Golden et al., 1981; Fadavi et al., 1992b; Backström et al., 2000) .
The present study reports no difference regarding occlusion in the sagittal plane between prematurely and nonprematurely born children. This finding is in accordance with the study of Paulsson et al. (2008) that, although on an older population, reports no significant difference in the frequency of different Angle Classes among prematurely and non-prematurely born children. On the other hand (Paulsson et al., 2008) it also reports a significantly higher prevalence of excessive overbite (deep bite) among prematurely born children, which was not confirmed by the present study. Further, no significant differences were seen for the prevalence of open bite between the two groups, confirming previous findings (Paulsson et al., 2008) . However, some evidence show (Harila et al., 2007) that the prevalence of open bite is increased in prematurely born children, but the reported study was conducted partially on an AfroAmerican population, and the reported difference could be due to ethnic characteristics.
In the transverse plane, no significant differences in the prevalence of midline deviation or posterior crossbite were observed between prematurely and not-prematurely born subjects. The results confirm some previous findings that prematurely born children do not have a significantly higher prevalence of crossbite in the deciduous (Fadavi et al., 1992a) mixed dentition phases (Paulsson et al., 2008) . On the contrary, Kopra and Davis (1991) reported a higher prevalence of crossbite in the deciduous dentition among prematurely born children, due to high vaulted palates observed in prematurely born children that are a consequence of oral intubation (Fadavi et al., 1992a; Procter et al., 1998; Macey-Dare et al., 1999) . In fact, studies report that prolonged intubation leads to a narrow palate and to a temporary increase of the palatal depth (Procter et al., 1998) . However, during the pre-pubertal growth period significant changes of the palatal vault were observed (Primožič et al., 2012c) , and the remodeling of the palate could repair any deformity resulting from intubation (Seow et al., 1985) .
However, it should be stated that in the present study, the prematurely born and control subjects were quite close in mean gestational age and birth weight, which might have influenced the results of the present study. Therefore, the inclusion of prematurely born children with gestational ages less than 33 weeks (i.e. very and extremely prematurely born) or mainly with very low birth weights (i.e. below 1500 g) might have shown significant differences of the observed parameters compared with the control group.
Conclusions
The prevalence of functional and morphological characteristics of malocclusion in the deciduous dentition phase was not significantly different in prematurely born children, and premature birth was not a risk indicator for any functional or morphological characteristics of malocclusion. The main significant risk indicators for morphological malocclusion characteristic of class II/1 malocclusion were dummy and thumb sucking, while dummy sucking alone was a risk indicator for anterior open bite, regardless of prematurity.
